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(54) Title: CATALYSTS FOR THE O Ll GOM E Rl Z ATI ON OF ETHYLENE, METHOD FOR PREPARING THEM 
AND THEIR USAGE 

(54)£W«*fc: Z.*3WMII{fc«, £j£;frifefnffi& 

(57) Abstract: The present invention relates to a group of catalysts for oligomerization of ethylene, method for preparing them 
and their usage. They arc complexes of haloarylpyridinc-bis-(imine) and lower transition metals, which can be synthesized by 
reacting haloarylpyridine-bis-(imine) with tower transition metals, and have the following structure represented by (I): Wherein: 
X?l?or/and X?2?is halogen, R?4?or/and R?8?is (arc) hydrogen, halogen, C?-4?-hydrocarbyl, C?-6? ester, C?-6? amine or C?-6? 
ether Z is H, -C?-4? hydrocarbyl, aryl, nitro, cyano or trihalomcthyl, Y?l?Y?2?chloro, bromo, iodo, C?-4? hydrocarbyl, 
acetylacctone or fluoroarylboron, M=Fe(II),Fc(lll),Co(ll) or Ru(ll), and R?l?R?2?R?3?R?5?R?6?or R?7?halogcn, -H, nitro, 
cyano, C?-4 ?hydrocarbyl, aryl, C?-6? ester, C?-6? amine or C?-6? ether, R?3?and R?4?togethcr, and/or R?7?and R?8?togcthcr 
form benzene ring(s). The catalysts of the invention can be combined with co-catalysts to be used for the catalysis of ethylene 
oligomerization, in which the selectivity for short-chain olefins and the activity of catalysis are both high. Thus, under a pressure 
of 10 atm. And at a temperature of 60 °C, the activity of catalysis can reached 3.8X1 0?7<,g/mol Fc h, while the content of 
C??-C?2? oligomer on basis of weight percent (wt%) is greater than 91, and the selectivity for a-olcfin is greater than 98%. 
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(57) »3? 



m x 2 % iss-. r 4 mm r 8 % h> liitn c,.4 ft&st-, c,.6 mmm> c,. 6 MffigsK 

C^fKj». M^Fc(JI) , Fe(III), Co(Il) *nRu(II), Z -C M fi<HB&, 

ifi& H&Wffi, Y 1 , Y 2 =iL C m #jM> ifrtl 

sKEtt^M), M = Fe(lI), Fe (III). Co(U)#lRu(ll), R 1 , R 2 , R\ R 5 > R 6 iiK 

MBS. R>5 R 4 *I/SRR 7 ^ R 8 ^|fiJ^'^»J5ScrHjBtF>^^^o 

j]% 10 aim, Jfc£-JBiKylj 60 *Cltt, iiJiJ 3.8X )0 7 g /mol • Fe • h. C 4 -C, 2 ffoJ&M 





. -K'l'X'l!! 



BNSOOCID: <WO. 
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i/i'^'f-fc-a^Io (Vogt, D. In Applied Homogeneous Catalysis with Organometallic 
Compounds: Comils, B., Hermann, W. A.. Eds,; VCH Publishers: 1996; Vol. I: 
pp245-256. SkupinSka, J. Chem. Rev. 1991, 91, 613.) @ m , — 3ZJBc^X^SS 
ft M BUSS? M-ift&ft&tote&tty&RlTfeikZ'fiiJrM' (Killian, C. M.; Johnson, 
L. K.; Brookhart, M. Organometallics 1997, 16, 2005) 

ftifi, Brookhart 'hM Gibson b&Jl¥ft1$WR Fe(II) ft Co(II)#J=i§Htt 




fllifc*J(KlfllHfcStttR*. Ma-^&tfl&SMlS (Brookhart, M J. Am. 
Chem. Soc.1998, 120, 7143; WO 99/02472, 1999o Gibson, V. C. 3s Chem. Commun. 
1998, 849; Chem. Eur. J. 2000, 2221 ). 

#A?|JRttS*lfi, j£ffiUt3?« (methyl, 'Pr)W%«ffl. AffHJ5£*«T«i-rft 
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«ifi, $iif^CN 01 105268.6)^1 E#r*&^ (WO 01/07491 Al) 




to^MX-M® ifrtt*? 500), l^ft^ft. «£ltt*i!i#H$#P-H 
UrW-tE^J. *P*'&*-fl , »«lZ.»*JRflllifcJ(«J, ^St^#*»WZi 
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Mo &Z>1$&tl% 10 atm, IR^fflfi^ 60 TCHt, K^&WfllifciSttPn&i'J 3.8 
X 10 7 g /mol • Fe • h, G,-C 12 M^ftS^^m(wt%)>91 , a-$'J£tfl&#tt>98%. 




C w ttB£.C|. 6 WlKgaC w MBig, M ^ Fe(II) , Fe(III)> Co(II) Ru(II), 

Z.»P5BSR*t^*W. M=Fe(II). Fe(III). Co(II)*fl Ru(II), R 1 . R 2 , R 3 . 
R 5 , R 6 g£R 7 =-H> CmWM, 5?S. CuftBS. C W W 

R«C M WBS. R 3 -^R 4 ^/S!cR 7 ^R 8 iri]^'^iMlRlB!fTO^5i>. 

u*ffi«i*yprK^ft»a*^, in: ^H^x'. x 2 *>6nft,x'. x 2 btkjl 
mtmm, r 4 . r 8 ^-h, a*. c„to&m&%m, r'-r 3 . 

R 5 — R 7 3j-H, Aft* «> C M fif]gS, C,. 6 fflM> CuttKI 

mc^mmm, m . y'> y 2 *nz$q±0T& s 

±i2&^^^4> r 3 ^ r 4 ^ r 7 ^ R s zm^mmmnmf&^m , &m 
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X' V X 2 , R'-R 8 . M , Y\ Y 2 mZla±ffi&, R\ R ,() , R 11 s£ R ,2 Ji^-H. 

ft^it 1 * 3 XK X 2 3?JH, R 1 — R 4 > R 5 — R 8 ^^*, -H, -C M ft'J£^ 
«.S^Cw&<]igS> CwMsEC^il. M > Y*> Y 2 ifPZ$P±m 

*&. 

X'> R 4 > X 2 , R 8 ^E, R 1 — R 3 > R 5 — R 7 2>lS3t, -H, -C M ftfe 

751^ ffi£. C M tt«ai. C,. 6 ftBi*> C.6 ftJ&SsK C,. 6 ft 

m, y 1 , y 2 *nz$n±#n$? 
lE*^BJM±ii21^?rM^?f'J ,: t : ', S*Kft-^fi[*Sf3R, 

Cl ci ,x'*nX 2 =F, CK BrUU, R 4 ft R 8 =H H* , &#ft 

ttl^MlBt, ISttSiPT: Cl Cl . &#fttt£-tH<t 

{fcZ,«JPte±5*ll C 4 -C 12 ftJSfla-fl&g. 

MQ n -mH 2 0?EWta^ l M7K c l 3 , 0.01-20 /MttfciU. itt^lttilfK 
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E#-5MQL«i«H»0tt#ftl** 1: 0.2-5, Q*j*U WDcZLraffl, n=2-3, M 

^Fe(II) . Fe(ffl), CodDfP Ru(ll) . m=0-6. FrnfofttilMM"! WMlES."* 
Wfi(THF), ZLII, TW«-*?»*. MQ„-mH 2 0*t£ 

SSW. M«#50~ioo%o 



& 1-50 /Mi*, £j&&tt%mtit&mmmmW.&&^M?MttM7kM. 

Ah i-5: 0.005-10: o-ioo, MiBfitie^^fttwtfs. i^*s> amits. 

ftifcSWS;^, inMWtt Silica-alumina catalyst (-ffrtt* 100 7G/&JT ). 
Kftft^M 20-90%, 

^SM&fcBJS&fcsEffiffiS+iafi 1 , Z.«JE;fcfc 0. 1-1000X10 5 Pa, X 
-^■^S^ - 10-300'C , W C««Efta5Sf«*#JRI . W MAO ( ) , MMAO 

(ftWMMSSfU^) . EAO (Z,g*S$U&), BAO (TS*SfU&), LiR(R=C M 

AlR.Cln(R=C- 3 W'J&3S, 111=1-3, n=0-2). (Lewis acid), 

LiR/Lewis acid(R=CM (KlJro2=), A1R.C1. /Lewis acid(R=C,- 3 tft^S, m=l-3, 
n=0-2)ftflbflHfcfc). S/S-^Wl'a]^, ffl^ 5%£fcgg*|±£0o 

WfiUfcJHJffltfc^ Brookhart 'Mlft! Gibson <Mil#J Fe ( II ) WH J ifintfciJ£ 
3EK@e^'#J(Brookhart, M 9, J- Am. Chem. Soc. 1998, 120, 7143; W099/02472, 
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1999. Gibson, V. C. m, Chem. Commun. 1998, 849; Chem. Eur. J. 2000, 2221 ), 

f>% 10 atm, 60 TCB*. B£4&W«i4fcJ5tt pT&PJ 3. 8 X 10g 

/mol • Fe • h, Q-C 12 WJ^«:H^-^fi(wt%)>91 > a-:l$£fitl&#14>98%. 

&J&ti#'J 1 

2,6--£®tS«- (2,6--»J&) ffl$'J& 

S-50ml^E + iPA2.8g2,6--m«. 1. 63g 2, 6- 15ml 
f 3 ^, 3g ^TjI^^ 0. 6g Silica-alumina catalyst. %M 24 'hft/H, jti£> # 
ffl 20ml ¥ . . ffl/^tt ¥B4>lg B B B ,Hi mM&®tt 2, 6- 

- £ Sit m *)t & - ( 2, 6- - jR * fit ) . J" ^ 70% . 'H NMR(300M 
Hz, CDCL) : 8. 47 (d, 2H, Py - H) ; 7. 93 (t, 1H, Py - H) ; 7. 07 (d, 4H, Ar - H) ; 6. 99 (t, 
2H, Ar - H) ; 2. 46 (s, 6H, N=CMe). jtfRftffi: UW,.- it#{t C, 65. 45 ; H, 3.92; 
N, 10.90c £M C, 65.49; H, 4.06, N, 10.65. 

%mm 2 

^WP^, iPA0.81g(5mmol)-£|fcSPltl&, 1.61g(12.5mmol) 2.6 — ~M 
HmgOT^Mftl 50ml MWXJtlfem&Mfa, #ffl7K#M#7k. 

sis^jb, jh^t^u. ^msm. nmmn&®W2,6--zmm»m 

%mm 3 

2,6--zims«- (2-»^) 

£- 50ml «^iPA 2.5g 2-^^, 1. 63g 2, 6-~ ZlMffintt^, 15ml f 
3g ftTffiiftl 0. 6g Silica-alumina catalyst. 20 'hfaje, #£J 

20ml mmmzmm* iwsfiti^Bi, #pmft£Ei#2,6- 

-Z J @IS«-(2--il^lK). / £c ^65%.'HNMR(300MHz,CDCl 3 ):8.39(d, 2H, Py 

- H) ; 7. 90 (t, 1H, Py - H) ; 7. 19-7. 09 (m, 6H, Ar - H) ; 6. 93 (t, 2H, Ar - H) ; 
2.42(s,6H,N=CMe).7cm##T: C 21 H, 7 N 3 F 2 : itIMt C, 72. 19; H, 4.90; N, 12.03. 
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$9Ht C. 71.88; H, 4.96. N, 11.99 c 

%mm 4 

£- 50ml «^iPA 3g 2-*$K, 1.63g 2,6- ~ LBSt»nfe^, 15ml 3g 
#^ffijfn 0.6g Silica-alumina catalyst. 24 /.MttJg. 20ml Ep^J^ 

ft. #jEI$£&ffl|. ffiPflME^W+ai&a. »5J«JlfeH#2,6--Z,Bfe»itt9l 

- (2-M^K). F*^ 70%. 'H NMR (300M Hz, CDC1 3 ) : 8.44 (d, 2H, Py - H m ); 7.94 (t, 
1H, ?y - H p ); 7.43 (dd,2H,Ar - H); 7.28 (pseudo t, 2H, Ar - H); 7.07 (pseudo t, 2H, 
Ar-/f); 6.86 (dd,2H,Ar-//); 2.38 (s,6H,N=CMe)..7C^^#T: C 2 iH,7N 3 Cl2: it 
gffi Q65.97; H, 4.48; N, 10.99. £$iJit C, 65.48; H, 4.70, N, 10.87o 

gmm 5 

2,6--^@5tSnttP$- (2-fc*&> W«fl* 

S-50mlMSl 3 *PA3.8g2-^^fl$ ) 1.63g 2,6--Z.@tgJ«, 15ml EP*,3g 
#^jT$fn 0.6g Silica-alumina catalyst. &J&24'hutJg, i±4S. 20ml "FS&Bfc 
ft. I^SfHtlSI. fcPJ«S*feHtt2,6--£lfca&4t«Sl 

~ (2-}^3£jj£), 7*^80%. 'H NMR (300M Hz, CXU :. 7eH#*Jt: C 2l H,7N 3 Br 2 : 
8.47 (d, 2H, Py - H m ); 7.94 (t, 1H, Py - H p ); 7.62 (dd, 2H, Ar - H); 7.34 (pseudo t, 2H, 
Ar - H); 7.01 (pseudo t, 2H, Ar - H); 6.85 (dd, 2H, Ar - H); 2.38 (s, 6H, N=CMe) . 
it#ut C, 53.53; H, 3.64, N, 8.92. £gg{g C.53.66; H, 3.65; N, 8.88. 

gmm 6 

2,6-~Z,B!t»iS- (2-»*K) M*J& 

ffi-SOmlMS^APA 5g 2-»Jgc, 1.63g 2,6-~ 15ml 3g 

^jffifn 0.6g Silica-alumina catalyst. M/SZ 24 &&g, #Ej 20ml W%$t 

- (2-5*^JK), j*^ 80%. 'H NMR (300M Hz, CXI,) : 8.52 (d, 2H, Py - H m ); 7.96 
(t, 1H, ?y - H p ); 7.90 (dd, 2H, Ar - H); 7.37 (pseudo t, 2H, Ar - H); 6.85 (pseudo t, 
2H, Ar - H); 6.80 (dd, 2H, Ar - H); 2.37 (s, 6H, N=CMe). TtMftffi: C 2 iH )7 N 3 Br 2 : 

C, 44.63; H, 3.03, N, 7.43. C, 44.95; H, 3.06; N, 7.30. 



0209691 9A1I > 



WO 02/096919 



PCT/CN02/00337 



£-50ml#£)fii< : P;!]qA2.8g 2,4--IK#&. 1.63g 2,6-~ Z,ft£Pltl&, 15ml 
3g ^^HfjfD 0.6g Silica-alumina catalyst. ki£ 24 <Mlf Jg , SiiES, 20ml t?3£ 

ng~ (2,4--jR*lK), / £c $72%. 'HNMROOOMHz.CDCU : *H NMR (CDCI 3 ): 8.38 
( d, 2H, Py - H m )\ 7.9 (t,lH, Py - H p ); 6.93 (m, 6H, Ar - H); 2.41 (s, 6H, N=CMe). 7U 
mfttir: C2iH 15 N 3 F4: itiUS C,65.45;H, 3.92; N, 10.90. ^sSlUfi C, 65.83; H, 4.14, 
N, 10.51. 

%mw 8 

2,6-- <2,5--«*JR) #JftJ& 

^- 50ml « c f , *PA2.8g2,5--m^K > 1.63g 2,6-" ZlS5feSnttiS, 15ml 
3g 0.6g Silica-alumina catalyst. &jS24'MrtM. iiifc. 20ml 

«. ffl^fcfc^B+Sgll. ^HJi«»feH#2,6--Z,Bt*ltt 

lit- (2,5--|i^JK). i** 70%. 'H NMR(300M Hz, CDCU : 8.38 ( d, 2H, Py - H m ); 
7.91 (t,lH, Py - // p ); 7.07 (m, 2H, Ar - H)\ 6.80 (m, 2H, Ax-H)\ 6.69 (m, 2H, hr-H); 
2.43 (s, 6H, N=CMe).7Llt#f/T: C 2 iH l5 N 3 F4: i+IHfi C, 65.45; H, 3.92; N, 10.90. 
&«{IC, 65.51; H, 4.12, N, 10.44. 

&- SOmlM^iQA 3.5g2-SL-6-¥g3£J8c, 1.63g 2,6- ~ Z>9t&Wfe, , 15ml 
¥^,3g^-?)IS^0.6g Silica-alumina catalyst. fijSi 10 'h&fJS. t£&, 20ml 

(2-H-6-¥S*iffi)» ^=¥78%. 'HNMR(300MHz,CDCl 3 ):8.50(d,2H,Py 
-H): 7. 93 (t, 1H, Py - H) ; 7. 33 (d, 2H, Ar - H) ; 7. 07 (d, 2H, Ar- H) ; 6. 83 (t, 
2H, Ar-H) ;2. 20 (s, 6H, N=CMe). 7c3t#ffi:C 2 3H 21 N3Cl2:itg{lC,67.32; H, 5.16; N, 
10.24. mmiM. C, 67.87; H, 5.34, N, 10.56. 

10 

. 2,6--z,Btantte- (2,4--**k) Mm 

^-50mlM c PinA5.3g2,4--^^, 1.63g 2,6-- Z-Sfc* rtfclg, 15ml ¥$,3g 
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ftTfftft 0.6g Silica-alumina catalysto &J® 10 'bttfe, &fcg, 20ml 

ft. tt£lft£gft!J. ^WW^E^'al,, »SJMillfeH#2,6.rz,Bt*ittfli 

- (2,4--^«), j** 81%. 'H NMR(300M Hz, CDC1 3 ) : 8. 53 (d, 2H, Py - H) ; 
7.96(t, lH,Py-H) ; 7. 68 (s, 2H, Ar - H) ; 7o 37 (d, 2H, Ar-H) ;6. 62 (d, 2H, Ar-H) ; 
2. 36 (s, 6H, N=CMe). 7t%ftffi: C 21 H l5 N3Br4: itIHt C, 40.06; H, 2.38; N, 6.68 = 
£$'H1 C, 40.32; H, 2.57; N, 6.75 . 

gmm ii 

2 > 6--Z J @fcgl«- (2,4,6-Elfi) titfft 

£- 50ml MIWJOX 3.5g 2,4,6-=«*IBc, 1.63g 2,6-~ Z.ft£ntto£, 15ml ¥ 
3g % fP 0.6g Silica-alumina catalyst. £$20'hfcfJs, ftftg, 20ml 

tt£ft£#*y. ffi^'«¥®+fi*£B B H , t#iijamfe@i#2 ) 6--z J ®c 

SnttBt- (2,4,6-HM^JS), i** 65%. 'H NMR(300M Hz, CDC 10 :8. 55 (d, 2H, Py 
-H); 7.97(t, lH,Py-H) ; 7. 67 (s, 4H, Ar - H) ; 2. 46 (s, 6H, N=CMe) . 7CjR#flf : 
C 2 |H,3N 3 F6: C, 59.86; H, 3.11; N, 9.97. C, 60.35; H, 3.36, N, 9.51. 

«0'J 12 

2,6--Z 1 g5tffinltl]g- (2,6- W*iJ* 

£- 50ml MS+iQA 1.63g 2,6-~ ZLSSfe^Btt^, 3.5g 2,6--*C5£j8t, 15ml 
3g ^^^D 0.6g Silica-alumina catalyst. 15 Wig, 20ml ^% 

%$. ffi^W^H^a^fa. t#l'J^feE1^2,6--Z,iltSBH: 

lg— (2,6-— H3SJR), j*$40%. 'H NMR (300MHz, CDC1 3 ): 8.52 (d,2H,Py-H) ; 
7. 95 (t, 1H, Py - H) ; 7. 35 (d, 4H, Ar - H) ; 7. 01 (t, 2H, Ar - H) ; 2. 36 (s, 6H, N=CMe) . 
7G&#ffi: C 2l H l5 N 3 Cl4: itltd C, 55.88; H, 3.33; N, 9.31 .&«Hl C, 55.70; H, 3.57, 
N, 9.25. 

%%m 13 

Qfr-ZM&mt- (2 f 6--JR*K) (A) tt$J& 

ftl#fifi4M i T*lHTatfi s - SX27mgFeCl 2 4H 2 0, JqA THF 14ml, ». 
*pA72mg2,6--Z J a*«r (2,6-JK*K), £BP£/&*fi*/ii£. MUtitWR 
«. 'B'ts P£*THF. ^Hffi 15ml Z,»# 3 ftfltft. Jtffi^F* 10 d>fl*. » 
HJ^feEl#(2,6--Z,@5tSnttPt- <2,6-**R) )«ttl3Ett (A). j*^89%. 76* 
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#0T: C 21 H 15 N3FeF 4 Cl 2 : it JUS C.49.25 ; H, 2.95; N, 8.20.£$iJ{I C, 48.42; H, 3.36, 
N.7.66 . 

£M#'J 14 

(2,6--Z,ES«- (2,6--JR*K) )M.<m (B) ftfrj-g- 
#J#£j®£ffinn«Ti!Efi : . ft21mgCoCl 2 , JpA THF 13ml, ip 
A53mg 2,6--ZLS5t«PttBS- (2,6-M^JK). £gP£/&t&flfe«o liSIftil 
ft. ^'ts THF. ^jSISffl 15ml ZMft 3 10 /J>B*. # 

i«J^ltfefflff(2,6--Z,at«nH:i!£z: (2,6-3K*i£) )ttft*S (B). ^$81%. tc 

jR#«f: C 2l H, 5 N 3 CoF 4 CI 2 : itllC, 48.95; H, 2.93; N, 8.15. C, 48.18; H, 

3.17; N, 7.78. 

15 

^m&fitMnnmTfflff.JRSOmgFcCb 4H 2 0, ApA THF 16ml, «#. 

jjpA i57mg 2,6--Z,mgi«- (2.**K), £BP«^fe#iiS. 

ft. ft<|>, P&£ THF. $/5F?ffl 20ml 3 &7it?ft. &&=f& 10 

iiJ^fe0tt(2,6--Z,MSi«- (2-«^JK) )*UfcSE& (C). z 5 *^ 93%. TtiSt 
##T: C 21 H l7 N 3 FeF 2 CI 2 : it^ffl C.52.97 ; H, 3.60; N, 8.82. $«{S C, 52.63; H, 3.46, 
N, 8.13.. 

%MM 16 

(2,6--£««~ (2-**R) )»Ufc3E& (D) 

Hfl^fijSftfiin^SlTaifi 1 . ft 80mg FeCl 2 4H 2 0, #PA THF WL—M.^in 
16ml, «#. iPA 172mg 2,6--Z,Sfcgl«- (2-«t*K), £ep£j&^£tfi 
ffi. SSa«#il«. K'bSK**. ^M20ml21Si^3^M. 
*£T^io^W.f#IiJ^fe®#(2,6--Z,@5t»igz:(2-m^JK))m«^(D). 
/* S SM2%. 7CjR#Uf: C 21 H,7N 3 FeCl4: it#M C.49.55 ; H, 3.37; N, 8.25. £«HS 
C, 49.76; H, 3.96, N, 7.59. 

17 

(2,6--Z^B5fcSPtt^~ (2-«*K) (E) 

$iJ#S/SMnnmTiSff . ft 160mg FeCl 2 4H 2 0, JpA THF 36ml. ft 

10 
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# 0 AnA424m g 2,6--zi@ft-XMz: (2-**JK), £SP£^fe'tfu£. MUM 
Wxt&o 1^* THF. ^Jsffffl 20ml ZJi*# 3 ftfltife. 10 'jMFf. 

mm^mw(2,6-~z,WLmmi~ (2-m%m )&4tm® ce). j*^ 87%. tg 

*^#f: C 2 ,H 17 N 3 Br 2 FeCl 2 THF: vf-fHt C, 44.81; H, 3.45; N, 6.27...$*fl[ C, 
43.72; H, 3.54, N, 6.27. 

£fi£0ij 18 

(2,6-ZlZLS5fe-Swlti!S- (2-m-6-¥S^K) )&tt,3E& (F) WfrJ& 
iHfrfiJS&ftVlfcTaEfir. 160mgFeCl 2 4H a 0. JqA THF 36ml, ft 
iQA400mg2,6--£S5t-S«- (2-«-6-¥**K). 

K'b. Bfc* THF. ^jHfSffl 20ml Z,ii!# 3 &*jf*fc. 

iow. f#iij^feia^(2,6--z,manttii$- (2-m-6-¥S3£j&) )tufc» cf>. 

j**81%. TtmfttiT: C 23 H 2l N 3 FeF 2 Cl 2 : it® it C, 54.26; H, 4.19; N, 8.33. $81 
{6 C, 54.32; H, 3.98, N, 8.13. 

%mm 19 

(2,6-~ (2-ft-6-¥fc**R> )*ifc3Ett (G) 
fSiJ&£&£ftnnmTiS1y.Jfc 160mgFeCl 2 4H 2 0, in A THF 3c TBI 36ml, 
«#. *nA412mg2,6-ZlZ a ®feSntt;[!$- (2-«-6-^*lS*JK). ABP^^feiR; 

K^3t*i6, ^JsUffl 20ml Z,8£# 3 &f»ifc. 

%<§.=?m io /hot. t#|iJ~feS#(2,6-z:m«i!SE- <2-m-6-¥ft**K) ) 

$C4fc3E&(G). 82%. 7C-B^tlT: C 23 H 2l N 3 FeF 2 Cl 2 0: itg{£ C, 51.49 ; H, 3.95; 
N.7.84. C, 51.87; H, 3.97, N, 7.53 . 

gmm 20 

(2,6--£@5fcS«- (2-W^JBc) )*ifcSE* (H) M$iJ& 
a^SMIWiff. $ 160mgFeCl 2 4H,0, JnA THF 36ml, If 
iPA 509mg2,6--Z J ®tSBttB$z: (2-W^lgt), 3lBP«^fe^. IlSjl 

#M. P££ THF. 20ml ZMft 3 ftntSfc. XCTJi 10 «. 

^iU^fe@#(2,6--Z.«feffilttlJt- (2-0t¥&) )&tt,3E& (H). J^m 87%. 7C 

£##f : C 2I H l7 N 3 I 2 FeCl 2 THF: vUM C, 39.30; H, 3.30; N, 5.50. £$"J{E C, 39.07; 

H, 3.18, N, 5.30. . 

n 
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%mm 21 

(2,6--£»«- (2,6-zi-4-fs$)g) M4m& en m\& 

^S^fi^nmTia^f. IS( 160mgFeCl 2 4H 2 0, AqA THF 36ml, M 
#„ ipA43Omg2,6--Z J @5t»0$- (2,6-Zl-4-f If Jg), £EP£/&^e,*/L 

gi£«i2ft. ^Cs THF. $JsTO 20ml Z^tf 3 
TmiO'm* f#SiJ^fe@#(2,6--^gjt»B£- (2,6--m-4-¥-ffi$K) 
3Et*c (Do ^$82%. 7U«^fr: CzzHnNjFeF^Ch: itlHI C,5 1.10 ; H, 3.52; N, 
7.72c C, 51.44; H, 3.66, N, 7.56 . 

3»J 22 

^--^StS"^- (J) &}%\& 

m&B.fo&M.^H&Ti&tt. 160mg FeCl 2 4H 2 0, in A THF 36ml, ffi 
Wo iPA 430mg 2 ) 6-rZLS5feSRlti!£- (2,4,6-Etf K). 5lBP^^fe«o 
£jS$#aft. W'ts THF. i&fSnm 20ml Z,S!# 3 fcrSifc. EST^ 
10 /jMtf. ^HJ^fe@#(2,6--Z.KSPtkB£z: (2,4,6-ZlfK) )*Ut3E€fc (J). 
^$88%.7C-K^t)T: C 21 H,3N 3 FeF 6 Cl2: i+Hfl C.45.98 ; H, 2.37; N, 7.66. &«{S 
C, 46.12; H, 2.46, N, 7.46 . 

%MM 23 

(2,6--ZiBtSrttie- (2,4 .-|R*K) )M,3E& (K) 
giJ^M^EM^mTiaff. ^27mgFeCl2 4H 2 0, j!}PA THF 14ml, 
JpA72mg2,6-ZlZ J mSntti!£- (2,4-**R). £BP£j£*fetfi&. £&tttttt 
ft. P^-2r THF. $J5??J3 15ml Z,l*# 3 IfcfUJJfe. SSTlfet 10 'hBt. # 

|lJ^fe@#(2,6--Z J 65t*Bttl!$- (2,4-jR*lS) )*Mb3Efc (K). « 69%. TCS" 
Mf: C2iH,5N 3 F 4 FeCl2- THF: itjf{| C, 51.40; H, 3.97; N, 7.19. $fl(Ct C, 51.36; 
H, 4.27, N, 7.16. . 

£»J 24 

(2,6--Z.«fe*ltt*- (2,5--|R^JK) )«MfcSEf* (L) 

ftMtfiJSaaWlfcTSfi 1 . $27mgFeCl 2 4H 2 0, 2mA THF 14ml, »#. 
DpA72mg2,6--Z J MaPtfcP$- (2,5-|R$JK), 5lBP«^fe^. Utttttt 
ft. ff'l>. ®* THF. ^Je^ffl 15ml Z,i!# 3 ftfltft. 10 'hflT. ft 

12 
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PJ=fe@#(2,6--Z,Sfc*nH;i£- (2,5-«$K) )«Hfc3Etfc (L). /*$76%. 7G|f 
#tfr:C 21 H l5 N 3 F 4 FeCl 2 : itJfttC, 49.25; H, 2.95; N, 8.20. £»J{IC, 49.15; H, 3.18, 
N,8.16. 

%MM 25 

(2 > 6--ZLKSRtfc(!$- (2-lliK) )«it3E« (M) 

lftl4fr&jSZ4fi*l A l«CTatfi 1 .5l80mgFeCl2 4H 2 0, JpATHF 16ml, ». 
iPAl95mg2,6--Z J K»t^- (2-ftSJK). £BP«i^£«. Mttfttt 
£. &4>, BfciTHF. *SJg»ffl 20ml ZM% 3 fcillft. !2f|10M. ft 
|ij^feH#(2,6--ZLitSntt^- (2-«LH&) )fWfc3E& CM). ^$86%. 
##T: C 2 9H 2I N 3 FeCl4: it^fl C,57.07; H, 3.47; N, 6.89. C, 57.71; H, 3.76; 

N, 6.59. 

26 

£ 0.5L tfliSffii^, JpA 100ml jjPAMMAO lmmol, tt^M25*C. 

#JPA 10ml -g" l^mol(2,6--Zi®fe»BttlS-<2,6--Z < aStSntkll£-(2,6--m^K)) 
UtifcaE^jfP MMAO lmmol fl<J 40ml SJffiJWF. iIAZ.0& 

z.MJi^iis^ io^n>E. sis i 'MtfJe. ffl 5%ib»»ih&^. 

Ottilia GC-MS fllJgJta*, ^IjlGCHSM^ti. 1 flfia*. 

&»?'J 27 

£ 0.5L iPA 100ml #PA MMAO lmmol, MS 40'C. 

#JpA 10ml lnmol(2,6--ZLKSnttP$~(2,6-— Zi®tStittP$-(2,6--»K)) 
fM-fc3E#c>Fn MMAO lmmol (HlffSIiBl 40ml ^JMif^T. ilAZj* 

hw, Ztffi&timmxi lo^nffi. &&. i mb. « 5%»^±ss. #u 

GC-MS #i§a GC 1 JW*. 

5»J 28 

S 0.5L PvliSffiH^. *PA 100ml ¥3*. iPA MMAO lmmol, Ifj&S 60*C . 
mQX 10ml^ lMmol(2,6--ZlSI®nttPS-(2,6--Z J StffinttP$-(2,6--m^K)) 
H+kaE^WMMAO lmmol ft¥¥&ft*D 40ml f*. «II^T, iiAZ.if 

n#. zL^E^/ti^^j io-t*nn. i mb, m 5%&m**±&&* 

l*®mi± GC-MS ^iiilGCflft^a^fi. Iff*. 

13 
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29 

£ 0.5L ft) ft JEH*. jjpA 100ml JpA MMAO lmmol, fISM 60'C. 

S*PA 10ml 3" lMmol(2,6--Z,@5fcS«- (2,6-Zl ZLSSt^RttBSzi (2-iu£JB0) ) 
M^»^PMMAO lmmol M^M*P 40ml £JgiJ»#T, ilAZJ# 

£:J#IiMI£3j 10 ^^ji. 1 ffl 5%£fcI^±Jx&o #1? 

j*tjii&GC-MS ^ilj3tGC5A^^^ft. £HM 

30 

£ 0.5L P-J^ffi^*. An A 100ml iPA MMAO lmmol, fifiS 60V. 

maA 10ml^2^mol(2,6--£@5t««- (2,6-~ ZLKSnftig- <2-$3£jgO) ) 
8M-fc3E#c*P MMAO 2 mmol fa? 40ml &ffl$MWT, ilAZ,« 

z^^il^ti^^ 10 WCE. £js i /Ntf/g. B 5%&«&±fij£. #H 

j*&iiaGC-MSffi£££jS. #ailGCfllS«-^'g-fi. 1^. 

$mm 31 

£ 0.5L MiftEil*, JPA 100ml JPA MMAO lmmol, H^M 60'C„ 

IMqAi0ml^2|imoi(2,6--z.Bfe*ittie- (2,6--z.RSittij£- <2-«5flg)) ) 

SCifc3E^fP MMAO 2mmolW¥«»40ml 4flWT, ilAZJft 

FWMxt GC-MS mfeMRtfl, #M:GC«&£&&#-g-fi. £H*n* 1 0f*. 

£jfi0J 32 

& 0.5L &<Jiftffiil4 3 , iPA 150ml f^, #PA MMAO 0.48mmol, tISM 60 
•Co muA 10ml # 0.6Kmol(2,6-riM-SfltfcP^- (2,6-~ (2,4-- 
jR¥K)))tL4fc3Ef*»MMAO0.6mmoI 40ml f^.SIJffl^T, 

iIAZ.#*M*. ZLMjE^tl^^i lO^^nJEc fij£0.15>Nttj5, ffl5%lk»& 

±&£. GOMsa&xfi*. gc flut#tt^*. 

$Pil 1 Bf^o 

33 

&0.5L Wftffisg^, iJPA 150ml *PA MMAO 0.48mmol, HifiM 60 

'Co muA 10ml 0.6Mmol(2,6-ZlZ J @StSBtti!$- (2,6-ZlZ,Bfcgntti!£- (2,5-~ 

14 
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%m^)))M.HMmu MMAO 0.6mmol B-Jf^M^P 40ml £$JM#T, 
ilAZ,«n#. Z.«ffi*1I£* 10 &l£ 0.15 /.NttJS. ffl5%&|£** 

ih&E. ^^iia GC-MS Jft£g£j&. GC i^S^Itf^*. 

£Sfc#J 34 

tE 100ml Wlffllt, inA40ml?^, WJPA MMAO lmmol, #U5#*P 

MO'C jBAZ,»n#, ZJ&ffiAfi£*-**nffi. ^JSWT, taA 10ml 
^0.8^01 (2,6-- Z.BtSrtt«- >*4fc3EttW¥***. SfitOJ/h 

&tj§, 5%&ie**±&&. ^i^iia gc-ms gc 

gjltfij 35 

% 100ml Mil /fcMi*. ?JPA40ml f^:, ffJPA MMAO lmmol. ^U^^iP 
MO*C. iiAZ,«n#. Z.#JBEA££*-^*nffi. £JS<JM#T, iPA 10ml 
#0.8nmol(2,6-ZlZ,®tSPttn$- (2-^jgc) )tHfcSEfctt¥*«f*. fiS0.5^ 
BtfJS, $3" 5%4kI8&ih&&. TFIR^&ilil GC-MS #ifia GC 









MMAO 






mm 






a 


a-JS 




(umol) 


(ml) 


(equiv) 


fC) 


(atm) 


(min) 


(g) 


(io V" 101 cat h ) 




«-Sfi (%) 


1 


A(l) 


150 


2000 


25 


10 


60 


34.9 


34.9 


0.59 


97 


2 


A(l) 


150 


2000 


40 


10 


60 


45.1 


45.1 


0.49 


98 


3 


A(I) 


150 


2000 


60 


10 


60 


38.4 


38.4 


0.42 


98 


4 


D(0.8) 


50 


1250 


0 


1 


30 


2.4 


6.0 


0.69 


90 


5 


D(l) 


150 


2000 


60 


10 


60 


51.9 


51.9 


0.59 


95 


6 


E(0.8) 


50 


1250 


0 


1 


30 


1.7 


4.3 


0.83 


91 


7 


E(2) 


150 


1500 


60 


10 


60 


58.1 


29.5 


0.63 


95 


8 


H(2) 


150 


1500 


60 


10 


60 


18.5 


9.3 


0.67 


93 


9 


K(0.6) 


200 


1800 


65 


10 


15 


15.9 


106 


0.33 


88 


10 


L(0.6) 


200 


1800 


65 


10 


15 


19.3 


129 


0.34 


86 
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%7WTfti®Tmmzffinwm4tmmm, m-#%& 34-37 mm 



& 1L P-JitEE^. JpA 500ml flP A 0.15ml AI(iBu) 3 , &g.UT : &W%. 
Ik 1 'h&t.fljtaAMMAO 1.2mmol. HgMS 15'C.jjpA 10ml ^ O^mol (2,6- 

AZ.«n#» Z,»ffi*Hg* 6 ^h^nEo Sjffi 0.5 /jMttJS, MiTO, ffl 

f*^ 29.2go 7.3X 10 7 g PE/mol -Fe -ho ffmMZiffitfyftTM M w =25.5 
7J(GPC, ^&3ZftMfoM), ftTMftlfiZ) 20.6, peak meeting point % 133 
•C, ^a B a JS^70%o 



£ 1L MiUflilgcp, JPA 500ml JP A 0.15ml Al(iBu) 3 , £MTtg#fi 
0 1 ^Bt.SJPAMMAO 1.2mmol,^j5^-iPM 15'C.ApA 10ml ^ Q.ZyunoX (2,6- 
-ZiBtSHtflS- (2,6-nil*JR))tLifcaE««l¥***. £H3BI«#T. iIAZ, 

5%&MMz,m%±&®.o m-kw&nje, &6o-ct, ustasm. m\r 

® 28.8g. fS4fcS14>*J 7.2X 10 7 g PE/mol • Fe • h. #r#£Z.*W# : ?ft M w =4.14 
7J(GPC, ^-M^MfrJ), #Tm#» 5.3, peak meeting point % U2'C, 
54%, 



& 100ml Mmfe&M'P, iPA40mlf^, ffJpA MMA0 2mmol. Mj5/t4P 

lot. jiaz:^#, z*n&j]te%%-^**i&. &m?mnT, jpAiomi 

S0.5«, E3'5%Ik»MZ,»&±fil£. X^ttililJg. £60*CT. jta 




X=Br 

=ci 



36 



37 



£»J 38 



16 
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=H!£M. mmz^m 4.87 g . 1.22 x 10 7 g PE/ mo i • Fe • ho mm 

mZ.ffiMftTM M w =6.9 7j(GPC, $|5Z1»«»J) , 45.8, peak 

meeting point 127"C. 

£Sltf'J 39 

& 100ml Mil EMS*. 3taA40ml¥^. WbllA MMAO lmmol, $/5#*P 
MO-C. ilAi^nfr. Z,»ffiA1I«*-^*nffi. jJOAlOml 
^0.8jimol(2,6--Z,S5tSPttl!£- (2,6--«*K) MlftMfM. M 0.5 

Sifffi. mmmZ,M 5.13g. litStt^ 1.28X 10 7 g PE/mol • Fe • he #T#^£ 
tttt^H?* M w =1.26 75(GPC, «-H*^**IHJ), 5.0, peak 

meeting points I28*C» 



17 
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8 *J 1 * 



H£« C^li. M * Fe(II) , Fe(III), Co(II) *P Ru(II), Z -C M 

rass, 5?s> ii, ms> =a«¥s. v> y 2 =«l m> wu cmWsi> 

ZLStMfflsScM^TfSffl. M=Fe(II), Fe (III)> Co(lI)*P Ru(II), R\ R 2 , R\ 

r 5 , r 6 <£r 7 =«, -H-. mm, &£, cmM&s. cwWiss. c,. 6 w 

IllCjiSII, R 3 ^R 4 «R 7 -%R 8 ^fa]pI^SiJ^lB]WS«^c 

2. jpftjpjn* i pmM-wmxmmm, %nw&-wmtttoT-. 



Jt* XK X\ R'-R 8 , M , Y 1 . Y 2 *P Z $Pfe^iJ^* 1 fm, R 9 . R'° , 

r"^r ,2 ^-h. mm-c^mm-. 

3, Mfyg* l J5f«W-ttZ,#?F*fll«i*iJ. K#fiE*-fttStt«*nT. 
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CI 



,X'jfPX 2 =Br, CK F5£l,R 4 *nR 8 =Ho 



ci 



4, *n&$|£* l Uf*6tt-ttZ,*^p*ftik* , J» KWffift-ftiSttSftTt 



5, -#*nftjpjg# i MM»MIPJW^«, Jt«pffi**tff5 

0.01-20 -/Mttfcai, *-H53S*itt«ai3R«BcK#^ MQ n • mH 2 0 WJ(KFlt* 1: 
0.2-5, Q^m^.WaKZLS5tWS,n=2-3,M^Fe( II) >Fe(IlI)> Co( 1I)*Q Ru(II), 



6. -fttam\w*5ffi&toz>ftXfitmiiMtoGi&ijm. »i#fiE*0rfcw«tt 

fllft«, &J2 1-50 /Ntf, 4ISft!l«l^ll, 2,6-«~ffi, $ 

«fc*Jfla?»IS#W«^l*» 1. 1-5: 0.005-10: 0 

-100, J5f»W€tti*1fc**ifce* iSifc*S> S4fc^«j»«4t^«iW 
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